INTRODUCTION
Diatoms are responsible for > 50% of the total oceanic primary production (Mann 1999) and are a dominant fraction of the seasonal blooms that occur in the ocean. However, the biological bases of such ecological success are not completely understood. It has been demonstrated that diatom species produce volatile polyunsaturated aldehydes (PUAs), such as 2E,4E/Z-heptadienal (HEPTA), 2E,4E/Z-octadienal (OCTA), 2E,4E/Z, 7Z-octatrienal, 2E,4E/Z-decadienal (DECA) and 2E,4E/Z,7Z-decatrienal (Wichard et al. 2005a) , which can induce inhibitory effects on the reproduction of copepods (Miralto et al. 1999 , Ianora et al. 2004 ) and the growth of various phytoplankton species (Casotti et al. 2005 , Ribalet et al. 2007a . Several studies have reported that DECA also reduces the growth of pathogenic non-marine Bacteria (Bisignano et al. 2001 , Adolph et al. 2004 , and Ribalet et al. (2008) showed that 3 PUAs (DECA, HEPTA and OCTA) induced different effects on cultured marine Bacteria belonging to different taxonomical groups. In the later study, either no effect, growth inhibition at high concentrations, or even growth enhancement -probably because PUAs were acting as growth cofactors -were observed in different types of Bacteria. However, no ABSTRACT: Polyunsaturated aldehydes (PUAs), produced as secondary metabolites by diatoms, have been shown to induce toxic effects on a variety of organisms, including copepods and phytoand bacterioplankton. However, the nature of and the players in this interaction remain poorly understood. We tested the effect of 3 PUAs commonly produced by marine diatoms -2E,4E/Z-heptadienal (HEPTA), 2E,4E/Z-octadienal (OCTA), 2E,4E/Z-decadienal (DECA) and a mix of HEPTA and OCTA (MIX) -on a natural bacterial community from a coastal area of the NW Mediterranean Sea (Blanes Bay, Spain). Little effect on total or relative cell abundance or bulk bacterial production was observed after 6 or 24 h exposure to 7.5 nM of the 3 different PUAs for the different bacterial phylogenetic groups (Gammaproteobacteria, Bacteroidetes, Rhodobacteraceae and SAR11), assessed by catalysed reporter deposition (CARD)-fluorescence in situ hybridisation (FISH). Metabolic activity, i.e. singlecell activity as determined by microautoradiography combined with CARD-FISH (MAR-CARD-FISH), was least affected by the addition of single PUAs in Gammaproteobacteria, markedly in Bacteroidetes and most markedly in Rhodobacteraceae, leading to a decrease in Rhodobacteraceae abundance by 21% (by 38% of the active cells assessed by leucine uptake) compared to the control. Bacteroidetes, although markedly affected in single-cell activity, were the most abundant group (54% of total cell counts). The addition of a mixture of OCTA and HEPTA produced a more pronounced decrease in the metabolic activity of all groups than the incubation with the single PUAs, suggesting a synergistic effect. Our results demonstrate that PUAs have a differential effect on the single-cell activity of distinct bacterial groups in natural communities. PUAs may therefore play an important role in shaping bacterial community composition by conferring a competitive advantage to PUA-resistant groups, allowing them to preferentially use the organic matter released by diatoms.
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Resale or republication not permitted without written consent of the publisher general response patterns could be found for the dominant marine bacterioplankton groups (Alpha-and Gammaproteobacteria or Bacteroidetes), since different species within the same broad phylogenetic groups reacted differently to the PUAs.
The enzymatic cascade leading to PUA production has been shown to be activated within seconds after cell integrity is compromised, so that PUAs are not detected in intact cells (Pohnert 2000) . However, substantial amounts of PUAs can be released at the end of the stationary phase of growth in cultures of Skeletonema marinoi right before culture decay (376 nM; Vidoudez & Pohnert 2008) , suggesting active production of PUA by intact cells. Wichard et al. (2005b) reported a PUA cell content of 47.7 fmol PUA cell -1 during a diatom bloom in the English Channel, and Ribalet et al. (2007a Ribalet et al. ( , 2009 ) demonstrated that PUA production in cultured S. marinoi dramatically increases with age and nutrient limitation, up to 27.5 fmol PUA cell -1
. Also, PUAs dissolved in seawater have been detected and measured during a bloom of S. marinoi in the northern Adriatic Sea (Vidoudez et al. 2011) .
In culture, different diatom species appear to harbour distinct bacterial communities (Grossart et al. 2005 , Sapp et al. 2007 , although the nature and dynamics of these interactions remain largely unknown. In situ, spatio-temporal changes in marine bacterial community composition have been frequently related with variations in chlorophyll a concentration (Murray et al. 1998 , Pinhassi et al. 2004 , suggesting a linkage with phytoplankton blooms. Altogether, these observations indicate that there are specific associations between species of Bacteria and phytoplankton. Since distinct bacterial groups appear to be differently affected by PUAs, the high local concentrations of these compounds in the surroundings of diatoms could be partly responsible for the observed succession of phylotypes during blooms in the environment. Considering that Bacteria are responsible for the remineralisation of the organic matter produced by phytoplankton, investigating the factors modulating their community composition and metabolic activity may help in elucidating the details of this close interaction.
Here, we expand current knowledge by testing the effects of 3 common diatom-derived PUAs on a natural bacterial community from a coastal site in the western Mediterranean Sea. We used 3 PUAs available commercially, which are also commonly produced by Skeletonema marinoi, and a combination of them in the same proportion as found for this diatom when in culture (Ribalet et al. 2007b) , with the aim of mimicking the concentration and composition of PUAs present at sea when a diatom bloom collapses. We measured the effects of the PUAs on bulk bacterial metabolic activity and on the single-cell activity of the dominant bacterial groups by means of microautoradiography combined with catalysed reporter deposition-fluorescence in situ hybridization (MAR-CARD-FISH). The combination of different single-cell techniques, such as flow cytometry, with molecular ones, such as microautoradiography and fluorescence in situ hy bridization (MAR-FISH) represents a very powerful tool to assess the metabolic activity of the different components of natural communities.
MATERIALS AND METHODS
Sampling site and experimental design. We sampled a shallow (20 m depth), oligotrophic site located 800 m offshore of Blanes (Catalonia, Spain) in the NW Mediterranean (41°39.90' N, 2°48.03' E, the Blanes Bay Microbial Observatory). Background information from this site exists on bacterial diversity (Alonso-Sáez et al. 2007b ) and activity (Alonso-Sáez et al. 2008) .
Twenty litres of surface seawater were taken on 24 April 2007, filtered through a 200 µm nylon mesh size net to eliminate large organisms, and transported under dim light to the laboratory within 2 h. Twenty millilitres of seawater were dispensed into each of 24 polycarbonate sterile flasks (Falcon). The flasks were kept at 19°C in a temperature-controlled chamber. Four flasks were inoculated with 7.5 nmol l -1 (final conc.) of HEPTA, and 4 others, with 7.5 nmol l -1 (final conc.) of OCTA. Six flasks were inoculated with 7.5 nmol l -1 (final conc.) of DECA, and 4 additional flasks, with 4.2 nmol l -1 of HEPTA plus 3.3 nmol l -1 of OCTA (MIX). Six flasks were used as controls, receiving no additions, but treated and analysed as all the other flasks. All PUAs were obtained from Sigma-Aldrich. The concentrations of PUAs used in the experiments were based on estimates of total PUA production by the diatom Skeletonema marinoi under phosphate (P) limitation (7.5 fmol cell -1 of OCTA and HEPTA; Ribalet et al. 2007a ) and the average concentration of this species during a bloom in the northern Adriatic Sea (10 7 cell l -1 ; Casotti & Bastianini unpubl. data). Assuming that a maximum of 10% of total cells lyse during blooms, the amount of PUA released per litre of seawater would be 7.5 nmol, which is the amount used in the experiments, and represents the average PUA concentration to which planktonic organisms might be exposed around S. marinoi cells blooming at sea.
One flask of each series was used for the MAR-CARD-FISH analyses, and the others, for measuring in duplicate bacterial abundances, 5-cyano-2, 3-ditolyl tetrazolium chloride (CTC; Polysciences) reduction and bulk bacterial production.
At the beginning of the experiment (t 0 ) only the bacterial abundances were determined, while after 6 h all the parameters were measured. The samples inoculated with DECA were also sampled after 24 h of incubation for all parameters and after 48 h for bacterial production and CTC reduction only.
Bacterial concentrations. Bacterial concentrations were determined by flow cytometry following Marie et al. (1999) . Samples (1.6 ml) were fixed with a mix of paraformaldehyde (1%) and glutaraldehyde (0.05%) for 10 min in the dark, frozen in liquid nitrogen and stored at -80°C for 1 d. Thawed samples were stained with SYBR Green I (Molecular Probes) for 10 min in the dark at room temperature and analysed using a FACSCalibur flow cytometer (Becton Dickinson), weighting the sample before and after the run to determine the analysed volume. Regions were established on the side scatter (SSC) versus FL1 (green fluorescence) plots in order to discriminate HNA (high nucleic acid content) from LNA (low nucleic acid content) bacterial cells (Gasol & del Giorgio 2000) .
Bacterial single-cell activity. Of each sample, 200 µl were incubated with CTC (5 mM final conc.) for 90 min in the dark at room temperature and then analysed by flow cytometry to detect the number of highly active bacterial cells. CTC is a redox dye that is reduced by actively respiring cells to insoluble fluorescent formazan (CTF). CTC-positive cells emit a red fluorescence when excited by blue light. The presence of CTF is indicative of the presence of an active electron transport system (Gasol & Arístegui 2007) .
Bulk bacterial activity. Bulk bacterial activity rates were estimated using the [ 3 H]-leucine (Leu) incorporation method of Kirchman et al. (1985) , modified as described in Smith & Azam (1992) . Briefly, for each sample, 4 aliquots (1.2 ml) were incubated in Eppendorf tubes with [ 3 H]-Leu (TRK636, Amersham; 40 nM final conc.). We added 120 µl of trichloroacetic acid (TCA, 5% final conc.) to the negative controls before addition of Leu. The tubes were incubated for 2 to 3 h in a temperature-controlled chamber. The incorporation was stopped with the addition of 120 µl of cold 50% TCA, and samples were frozen at -20°C until processing (within 2 d). After TCA rinsing, the samples were resuspended in 1 ml of scintillation cocktail (Optimal HiSafe, Perkin Elmer) and kept in the dark for 24 h before counting with a scintillation counter (LS6500 Beckman Coulter).
Bacterial community composition. Catalysed reporter deposition (CARD)-FISH was used to determine bacterial community composition following the protocol of Pernthaler et al. (2002) . Samples were fixed overnight with formaldehyde (1%) and stored at 4°C. From each sample, 5 ml were gently filtered onto 0.2 µm white polycarbonate filters (GTTP, 25 mm diameter; Millipore) supported by a cellulose nitrate filter (HAWP, 0.45 mm diameter; Millipore), washed twice with Milli-Q water, dried and stored at -20°C until processing. To avoid cell loss during permeabilisation, filters were dipped in low-gelling-point agarose (0.1%), dried face up on Parafilm on a glass plate at 37°C and dehydrated with ethanol (95%) for 1 min. For cell-wall permeabilisation, filters were incubated with lysozyme (Sigma) for 1 h at 37°C and then with achromopeptidase (Sigma) for 30 min.
Several horseradish peroxidase (HRP)-oligonucleotide probes were used to characterise the composition of the microbial community in the original water samples. Probes were: Eub 338-II-III, which target most Bacteria (EUB) (Amann et al. 1990 , Daims et al. 1999 ); Gam42, which targets most Gammaproteobacteria (GAMMA) (Manz et al. 1992 ); CF319a, which targets a relatively large group of Bacteria belonging to the Cytophaga-Flavobacterium-Bacteroides (CFB) group (phylum Bacteroidetes; Manz et al. 1996) ; Ros537, which targets members of the Roseobacter-Sulfitobacter-Silicibacter (Rhodobacteraceae) (ROS) group (Eilers et al. 2001) ; and SAR11, which targets the SAR11 cluster (Morris et al. 2002) . All probes were purchased from biomers.net.
Hybridisations were carried out at 35°C overnight, and specific hybridisation conditions were ensured by adding 45% formamide for the SAR11 probe and 55% for the other probes to the hybridisation buffer. Filters were washed for 5 min (37°C) in prewarmed washing buffer, incubated for 15 min at 46°C in 1 ml of amplification buffer with 4 µl of tyramide conjugated with Alexa 488 (1 mg ml -1 , Alexa Fluor; Molecular Probes) containing p-iodophenylboronic acid (20 mg mg -1 tyramide). Finally, filter sections were mounted in a Citifluor-VectaShield (Vector Labs) mixture (4:1) containing 4'-6'-diamidino-2-phelylindole (DAPI, final conc. 1 µg ml -1 ) and visualised in an epifluorescence microscope (Axioskop 2 microscope, Carl Zeiss GmbH). Be tween 500 and 1000 DAPIstained cells were counted per sample in a minimum of 10 fields. For each microscope field, 2 different categories were enumerated: total DAPI-stained cells (on average > 600 sample -1 ) and cells stained with the specific probe.
Bacterial group-specific activity. MAR-CARD-FISH was used to measure the single-cell activity of the bacterial groups following the protocol described by Alonso & Pernthaler (2005) . Samples were incubated with [ (NTB-2, Kodak) containing 0.1% agarose in a dark room at 46°C, placed on an ice-cold metal bar for ca. 5 min to allow the emulsion to solidify and stored in black boxes at 4°C until development. The optimal exposure time was determined empirically for each treatment and averaged 12 h. The exposed slides were dipped for 3 min into the developer (D19, Kodak), rinsed with distilled water for 30 s, fixed for 3 min in fixer (Tmax, Kodak) and then washed for 5 min with tap water. The slides were dried in a desiccator overnight at room temperature, and a cover slide was glued on top with a drop of mounting solution (1 Citifluor:4 VectaShield). The samples were examined under an epifluorescence microscope (Axio skop 2 micro scope) for a positive reaction to the CARD-FISH probe, while the presence of silver grains around the cells was detected by using the transmission mode of the same microscope. Fig. 1 shows representative images of microautoradiography of each phylogenetic group: Rhodobacteraceae, Gammaproteobacteria, SAR11 and Bacteroidetes. The dark silver-grain halos surrounding cells indicate cells that have incorporated the radioactive Leu.
RESULTS

Bacterial abundance, physiology and bulk heterotrophic production
Initial bacterial concentrations were 9.95 × 10 5 ± 1.90 × 10 4 cells ml -1
. In short-term incubations (6 h) Bacteria grew by 13% in OCTA and HEPTA, 5% in DECA and 7% in the MIX treatments, compared to t 0 (Table 1) . After 24 h, an increase in bacterial abundance of 31% with respect to the initial value was detected in the DECA treatment (Fig. 2a) .
After 6 h of incubation, no significant differences in the percent contribution of HNA and LNA Bacteria to the total Bacteria, nor in the percent CTC+ cells with respect to the controls were detected, except for the OCTA treatment, which induced a decrease in CTC+ cells (89 ± 3%; Table 1 ). In the longer exposures with DECA, CTC+ Bacteria represented 78% (±14%) after 24 h and 55% (± 10%) after 48 h of incubation (Fig. 2a) , with respect to the controls. Water samples were filtered through a 200 µm nylon mesh prior to incubations, in order to eliminate large grazers. Although we cannot exclude the possibility that smaller grazers were feeding upon Bacteria in the samples, Fig. 2 shows that after 24 h of incubation the bacterial abundance increased similarly in the controls and in the treated samples. In our view, this suggests that the effect of grazing was not too important, or, at least, the 2 treatments were not differently affected by grazers. The same was true for the CTC+ series. In all shortterm treatments (6 h), Leu incorporation decreased with respect to the controls (Table 1) , as it also did after 24 h in the DECA treatment (Fig. 2b) .
Bacterial community composition
After 6 h of incubation, 79% of cell counts could be detected with the Eub338 probe suite. Bacteroidetes was the most abundant group (CFB, 49% of total cells), followed by similar amounts of SAR11 and Gammaproteobacteria (21 and 18% of total cells, respectively). Rhodobacteraceae were present at lower abundances (ROS, 12% of total cells; Table 2 ). The proportion of the different groups did not show dramatic changes after PUA exposure, but the SAR11 contribution decreased in the HEPTA and OCTA treatments (Student's t-test: p < 0.05), while Rhodobacteraceae decreased in the DECA and the MIX series with respect to the controls (Student's t-test: p < 0.05; Table 2 ). After 24 h of DECA exposure, both SAR11 and Rhodobacteraceae showed lower abundances with respect to the controls (Student's t-test: p < 0.05 and p < 0.01, respectively).
Group-specific bacterial activity
In the control samples, despite the fact that Bacteroidetes and SAR11 dominated the community, they were underrepresented in the contribution to activity in Leu uptake, while Gammaproteobacteria were low in numbers but showed high activity (Fig. 3) . After 6 h in the MIX, proportions did not change, but percent contribution to total activity decreased (Fig. 3) .
After 6 h of incubation, the percent Leu incorporation in Gammaproteobacteria increased following DECA and OCTA addition, while a reduction was observed for all taxonomic groups investigated in comparison to the control, except for SAR11 with DECA (Fig. 4a) . In general, the relative activity of Gammaproteobacteria was the least affected, while the activities of Rhodobacteraceae and Bacteroidetes were the most affected by the PUAs. In the HEPTA and OCTA treatments, a comparable decrease in Leu uptake activity was detected for SAR11, Rhodobacteraceae and Bacteroidetes. The short-term exposure (6 h) to DECA did not affect the activity of SAR11 and Gammaproteobacteria, but for Rhodobacteraceae and Bacteroidetes the abundance of active cells was reduced by 50% when compared to the controls. After 24 h of DECA exposure, the number of active SAR11 cells was reduced by 27.3% (±12.7%) with respect to the controls, while Gamma proteobacteria still remained unaffected (Fig. 4b) .
In the MIX treatment, we observed a dramatic effect, with an average reduction of the proportion of active cells in all bacterial groups (Fig. 3 , open symbols), indicating a synergistic effect of the PUAs when inoculated together. Rhodobacteraceae and Bacteroidetes were still the most affected groups, in terms of the percentage of active cells. The activity of Gammaproteobacteria also showed a large reduction (46.9 ± 6.7%), while SAR11 was relatively the least affected bacterial group (Fig. 4) . The net community effect of exposure to the PUAs was that the Gammaproteobacteria benefited in all cases, except in the MIX and HEPTA treatments. In the short-term (6 h) DECA treatment, SAR11 cells also benefited from the reduction of activity in the other bacterial groups (except Gamma proteobacteria). Table 2 . Percentages of the different eubacterial groups identified by CARD-FISH in the different treatments (see Table 1 ) 6 h after inoculation of polyunsaturated aldehydes (PUAs) and 24 h after inoculation with DECA. GAMMA: Gammaproteobacteria; SAR11: the SAR11 clade; ROS: environment; thus, the Bacteria surrounding them are exposed to high local concentrations of these potentially toxic compounds. In culture, the addition of PUAs has been shown to stimulate, inhibit, or have a neutral effect on the growth of different marine bacterial isolates (Ribalet et al. 2008 ), but, remarkably, the effect of PUAs on different bacterial groups has never previously been tested in situ. In the present study, we did not detect a strong effect of PUAs on the total abundance or percentage of HNAs or the actively respiring cells of natural bacterial communities after short-term incubations (i.e. 6 h). This suggests that the bulk of natural Bacteria were initially resistant to these concentrations of PUAs, or that the effect was buffered internally as a result of both positive and negative effects on different taxonomic groups of Bacteria. Indeed, when analysed at a more specific level, we found clear differences in the Leu uptake activity of different bacterial groups (Gammaproteobacteria, Rhodobacteraceae and Bacteroidetes), with the net result being a significant reduction in bacterial production due to the addition of PUAs. Gammaproteobacteria growth was not reduced by the addition of single PUAs (i.e. DECA, HEPTA, or OCTA), and their metabolic activity was actually even stimulated. In fact, previous observations from culture studies report that some members of this group may use PUAs as a source of carbon (Ribalet et al. 2008) . The abundance of Gammaproteobacteria has also been shown to increase in natural blooms (AlonsoSáez et al. 2007a ), which could be at least partially related to their resistance to PUAs. The low sensitivity of this group to PUAs might be the result of a compensatory mechanism among the species present, or an indication of the presence of highly resistant species within the group.
DISCUSSION
Marine phytoplankton and
The Bacteroidetes was the most abundant group in situ, and, while their abundance was not affected by the addition of PUAs, their activity in Leu uptake was strongly reduced. This is surprising, since some studies have reported high abundance of Bacteroidetes during diatom bloom decay in marine (Riemann et al. 2000 , Grossart et al. 2005 ) and freshwater systems (Salcher et al. 2010) . Indeed, this group is known to use complex compounds of dissolved organic matter (polymeric substrates, combined amino acids) derived from senescent phytoplankton (Kirchman 2002) . Bacteroidetes also comprise a large percentage of the Bacteria attached to diatoms in cultures (Pinhassi et al. 2004 , Grossart et al. 2005 and are very responsive to the inputs and chemical changes of phytoplankton-dissolved organic carbon (Riemann et al. 2000 , Fandino et al. 2001 . The fact that only some diatoms are known to produce the PUAs used in the present study (Wichard et al. 2005a ) could explain the difference between our results and the previously reported association of Bacteroidetes with diatoms in the environment (Grossart et al. 2005) .
Rhodobacteraceae were present at a lower abundance (ca. 10%), as is typical at this site, although MAR-FISH studies have shown that this is a metabolically very active group (Alonso & Pernthaler 2005 , Alonso-Sáez & Gasol 2007 , Malmstrom et al. 2007 , Alonso-Sáez et al. 2008 . In the present study, their activity with respect to Leu uptake was not very high, and they were also the group most affected by the PUAs. This is consistent with results of Ribalet et al. (2008) , who found that some strains of Alphaproteobacteria, and in particular Roseobacter litoralis, were sensitive to low concentrations of PUAs. This alphaproteobacterial group dominates the free-living bacterial fraction in diatom cultures (Grossart et al. 2005 ) and seems to benefit from phytoplankton growth (Teira et al. 2008) . Indeed, the dynamics of Rhodobacteraceae abundance have been reported to follow the development of phytoplankton biomass in nature (Eilers et al. 2001 , Alonso-Sáez et al. 2007b ). However, no detailed investigation of this group during PUA-producing diatom bloom development and decay is available, and it is possible that, while profiting, in general, from the organic matter from phytoplankton, these Bacteria are sensitive to diatom degradation products, such as PUAs. It is indeed possible that Rhodobacteraceae are able to develop resistance against toxic compounds when released gradually, as in natural conditions, as opposed to when they are challenged by acute inoculation, as in our study.
In our study, the SAR 11 clade, a subgroup of the Alphaproteobacteria, was one of the most abundant (ca. 21%) groups, similar to previous reports for Blanes Bay (Alonso-Sáez et al. 2007b ). Indeed, SAR 11 has been considered the most abundant phylogenetic group in the ocean (Morris et al. 2002) and appears to play a significant role in the processing of carbon (Malmstrom et al. 2004 , Alonso-Sáez & Gasol 2007 . In our experiments, we observed that neither the abundance nor the metabolic activity of SAR11 was affected by DECA and that they were only slightly affected by the other PUAs (i.e HEPTA, OCTA and MIX). The low sensitivity of this group to PUAs suggests that they may take advantage of the growth reduction experienced by the other bacterial groups in the presence of these compounds. Such low sensitivity may also be related to its capability to adapt to different environmental conditions (Giebel et al. 2009 ), which facilitates its widespread abundance in all oceans.
It is remarkable that the metabolic activity of all of the taxonomic groups of Bacteria was more strongly affected by the mixture of different PUAs (MIX) than by the single PUAs. This suggests that the 2 PUAs used (OCTA and HEPTA) have a strong synergistic effect on Bacteria when inoculated together. This has important ecological implications, as PUAs are always released simultaneously by diatoms (Fontana et al. 2007 ). In general, the studies that have tested PUA toxicity on Bacteria have used exposures to single PUAs (Bisignano et al. 2001 , Ribalet et al. 2008 , which means that the synergistic effects of PUAs may have been underestimated. This additive effect was not observed by Vidoudez & Pohnert (2008) in a diatom culture, although they used very low PUA concentrations. The difference could be due to a higher threshold for toxicity in Bacteria than in diatoms or to other unknown environmental biotic or biotic factors acting on natural communities and modulating the response to PUAs.
Our experiments indicate that PUAs released by diatoms likely play a role in driving the metabolic activity of environmental Bacteria with neutral, positive, or negative responses, depending on the phylogenetic group of Bacteria examined. This may shape the bacterioplankton community composition and, therefore, potentially, the ecosystem functioning in areas dominated by PUA-producing diatoms. Resistance to PUAs may confer a competitive advantage, by increasing the chances to use the organic matter released by diatoms; this mechanism may underlie the observed group succession during the evolution of a diatom bloom. However, the fact that one of the groups most sensitive to PUAs, the Bacteroidetes, is also commonly associated with decaying diatom blooms suggests that the key players of this complex interaction are not clear yet. The response to PUAs may also vary depending on the previous history of the bacterial community in terms of exposure to these compounds and the specific phase of the bloom. In addition, the environmental factors, such as temperature, light, nutrient availability, species composition, strongly modulate bacterial metabolism, as well as phytoplankton physiology, and the extent to which these factors rule the interaction between Bacteria and diatoms still remain to be determined. 
